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Topics (2/4)
• Systematic studies of jet response 

➡ status: MIE showed some selected results  
➡ example task(s): test that UE subtraction still works, 

response/JES/JER differentially in jet pT / η / R / centrality 
➡ interested people: n/a 

• Track-cluster matching 
➡ status: past work showed some track purity could be 

regained at loss of efficiency 
➡ example tasks(s): continue studies, include latest tracking 

configuration & developments in clustering 
➡ interested people: Ron Belmont, Kurt Hill + Colorado group?
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Physics performance impact Hadronic calorimeter changes

Figure B.1: (Left) Comparison of the jet response for three different HCal configurations: Nominal
outer HCal (black markers), outer HCal thinned by 20 cm (red markers) and no inner HCal (blue
markers). (Right) Comparison of the jet fragmentation bias for nominal (black markers) and thinned
outer HCal (240 cm outer radius, red markers).

a small loss in total energy containment for the thinned outer HCal configuration relative to the
nominal configuration, combined with a moderate increase in the number of jets for which less than
70% of the energy was reconstructed. Further studies showed that the change in the jet response
only has a small effect on reconstructing unfolded jet spectra, even when uing a Gaussian kernel
that ignores the increases low-energy tail. Removing the inner HCal has a significantly larger effect
on the mean and shape of the jet response.

Fragmentation function bias One expects that the thinned HCal configuration leads to the biggest
change in jet response for jets with high-z fragmentation products that are not contained in the
calorimeter system. To study this effect, we plot the average jet energy response hp

reco

T

/p

truth

T

i as a
function of the momentum fraction z carried by the highest p

T

charged fragment in Fig. B.1(right).
Even for the nominal HCal configuration, a dependence of the response on the hardness of the
jet fragmentation is seen, with a change of about 0.08 in hp

reco

T

/p

truth

T

i from softest to hardest
fragmenting jets. For the thinned HCal configuration, this increases to 0.11-0.13. We expect that
this additional bias would only lead to a moderate increase in the uncertainty of fragmentation
function ratios for Au+Au/p+p, as the increase is only about 50% of the bias already seen in the
nominal configuration, and present in both p+p and Au+Au events (i.e., only related to the single
particle containment).

B.1.2 Outer HCal shortening

For the shortened outer HCal (reducing the pseudorapidity coverage from |h| < 1.1 to |h| < 0.9), all
measured at the outer corner of the calorimeter) the expected impact is in the statistics of jet related
probes. The reduction in coverage will predominantly affect lower p

T

jets, as jets at the highest
p

T

have a narrow rapidity distribution that falls within the remaining acceptance. Figure B.2
shows the fraction of jets (left) and dijets (right) contained in the nominal calorimeter system as a
function of jet p

T

, obtained from generator level distributions. As expected, the fraction of fully
contained jets is lowest for low p

T

jets (which have a wider rapidity distribution) than for hight p

T

15

1. Jet response 
studies

Physics performance impact EMCal

electron identification. Studies of the effect on photon identification are ongoing.

Figure B.3: (Left) Jet response for the nominal calorimeter systems (black markers) and the calorimeter
system with ganged EMCal readout (green markers) for high p

T

jets. (Right) Ratio of the hadron
rejection factor as a function of electron efficiency between the ganged EMCal configuration and the
nominal EMCal configuration, for central Au+Au collisions. The ratio is shown for two pseudorapidity
regions and three particle momenta.

Effect on jet energy response Figure B.3(left) shows the energy response in the calorimeter system
for high p

T

jets for the nominal configuration (black markers) and the ganged EMCal configuration
(green markers). Ganging has no visible effect on this distribution, as the change in granularity
is small compared to the typical jet size and the total collected jet and background energies are
unchanged.

Figure B.4: For a 2 ⇥ 2 ganged EMCal (with inner HCal present) inclusive charged hadron rejection
is plotted on the left (right) as function of electron ID efficiency, for negatively (positively) charged
tracks of three choices of momentum and for middle and edge rapidity in 10% most central Au+Au
events.
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• Examining effect of different calo stack 
configurations 

➡ Upper left: HCal configurations for   
large-R, high-pT jets 

➡ Upper right: ganged EMCal 
➡ Lower right: HCal x EMCal configurations 

for small-R, large-η, low-pT jets
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Physics Performance Jet performance in p+p collisions

in p+p collisions at 7.0 TeV is approximately 120%/
p

E which is roughly 1.2 times worse than the
quoted single particle hadronic calorimeter resolution [166]. The sPHENIX jet energy resolution
and hadronic calorimeter resolution from GEANT4 are consistent with this expectation, and both
are within our performance specifications.

We also calculate the jet energy scale and resolution where we have tagged from the truth informa-
tion quark and gluon jets. These results are shown in Figure 4.4 (left) and indicate no significant
differences in jet energy scale and resolution despite the significantly different fragmentation
function (right).
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Figure 4.4: (left) The GEANT4 calculated energy resolution of single jets in p+p collisions separated
into quark and gluon jets. (right) The PYTHIA calculated fragmentation function of quark and gluon
jets separately.

4.3.1 p+p Inclusive Jet Spectra

In order to model the jet resolution effects described above on the inclusive jet spectra in p+p
collisions at

p
sNN = 200 GeV, we have used the very fast simulation. This method entails running

PYTHIA, sending the resulting final state particles through FASTJET to find jets, and then blurring
the energy of the reconstructed jets with values obtained from the full GEANT4 simulation.

The truth spectrum of jets is obtained by using FASTJET to cluster the PYTHIA [157] event with
the anti-kT algorithm. Figure 4.5 shows the true jet pT spectrum as the solid histogram. The
convolution of the hard parton-parton scattering cross section and the high-x parton distribution
function results in a jet cross section that falls nearly exponentially over the range 20–60 GeV, before
turning steeply downward as it approaches the kinematic limit, x = 1.

Figure 4.5 also shows the very fast simulation result for the measured jet ET spectrum. The main
effects of the jet resolution on the jet energy spectrum are to shift it to higher energy and stiffen
the slope slightly. Both of these effects can be undone reliably by a process of unfolding. We have
employed the ROOUNFOLD [167] package and for this demonstration utilize the Iterative Bayes
method with 4 iterations. The results of the unfolding are shown in Figure 4.5, along with the ratio
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Physics Performance Jet performance in Au+Au collisions

JA
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Figure 4.6: Dijet asymmetry, AJ , in p+p collisions. The truth spectrum is shown in black; the spectrum
measured in PYTHIA and smeared by the jet energy resolution is shown in red. The effect of the
unfolding of the trigger jet bias is also shown in blue.

biased by the resolution to be reconstructed higher than the true energy. If one simply shifts
the trigger jet down by this average bias (and inverts the identity of trigger and associated jet
if the trigger jet energy is then below that of the associated jet), the original dijet asymmetry
distribution is recovered, as shown in Figure 4.6. This procedure is not a replacement for the
eventual two-dimensional unfolding, but demonstrates the dominant effect.

4.4 Jet performance in Au+Au collisions

Here we simulate the performance of inclusive jet and dijet observables in heavy ion collisions.
The sPHENIX trigger and data acquisition will sample jets from the full Au+Au minimum bias
centrality range, resulting in key measurements of the full centrality dependence of jet quenching
effects. Finding jets and dealing with the rate of fake jets becomes much easier as the multiplicity
due to the underlying event drops, and so we have concentrated on showing that we have excellent
performance in central Au+Au collisions (i.e., in the most challenging case).

The effective jet resolution also has an important contribution from fluctuations in the underlying
event in the same angular space as the reconstructed jet. We have carried out a full GEANT4
simulation embedding PYTHIA jets into 0–10% central Au+Au HIJING events. The true PYTHIA re-
constructed jets are then compared with the Au+Au extracted jets (as detailed below) to determine
the jet energy resolution, as shown in Figure 4.7. Also shown in the figure as dotted lines are the
parametrized electromagnetic and hadronic calorimeter resolution contributions used in the fast
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Jet performance in Au+Au collisions Physics Performance
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Figure 4.7: The GEANT4 calculated energy resolution of PYTHIA jets embedded in a Au+Au HIJING
event, reconstructed using the anti-kT algorithm with R = 0.2 and R = 0.4. The points, showing the
result of the full simulation, are compared to the dotted lines, showing the result obtained using the
fast simulation.

simulation. Again, the GEANT4 resolutions are well below our physics performance specifications.

In addition to the resolution effects, fluctuations in the underlying event can create local maxima
in energy that mimic jets, and are often referred to as fake jets. While resolution effects can be
accounted for in a response matrix and unfolded, significant contributions of fake jets cannot be
since they appear only in the measured distribution and not in the distribution of jets from real
hard processes. Thus, we first need to establish the range of jet transverse energies and jet radius
parameters for which fake jet contributions are minimal. Then within that range one can benchmark
measurements of the jet and dijet physics observables.

4.4.1 Jet and Fake Jet Contributions

In this section we discuss both the performance for finding true jets and estimations based on
HIJING simulations for determining the contribution from fake jets. It is important to simulate
very large event samples in order to evaluate the relative probabilities for reconstructing fake
jets compared to the rate of true high ET jets. Thus, we employ the fast simulation method and
the HIJING simulation model for Au+Au collisions. The ATLAS collaboration has found that the
energy fluctuations in the heavy ion data are well matched by HIJING at

p
sNN = 2.76 TeV [168].

We have also added elliptic flow to the HIJING events used here. The fast simulation takes the
particles from the event generator and parses them by their particle type. The calorimeter energies
are summed into cells based on the detector segmentation and each tower is considered as a
four-vector for input into FASTJET.
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MC	
  available	
  

•  What	
  to	
  use?	
  
•  From	
  May:	
  
– /sphenix/sim/sim01/producAon/aldcharge/
sHijing/	
  

•  More	
  from	
  July:	
  
– /sphenix/sim/sim01/producAon/2016-­‐07*	
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AddiAonal	
  QuesAons/Plots	
  

•  Any	
  other	
  ideas?	
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Framework	
  

•  Using	
  Jet	
  Evaluator	
  
•  2015	
  Tutorial	
  from	
  M.	
  McCumber:	
  
– haps://indico.bnl.gov/getFile.py/access?
contribId=13&sessionId=2&resId=0&materialId=sli
des&confId=1237	
  

•  Macros	
  generate	
  Jet	
  Energy	
  ResoluAon	
  etc.	
  	
  
•  Was	
  this	
  used	
  for	
  de-­‐scoping	
  plots	
  too?	
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A	
  Place	
  for	
  Plots?	
  

•  Wiki	
  for	
  jet	
  structure	
  group?	
  	
  
– EvoluAon	
  of	
  plots	
  MIE-­‐>DeScope-­‐>Latest	
  &	
  
Greatest	
  

– How	
  to	
  make	
  new	
  plots	
  for	
  the	
  next	
  high	
  pressure	
  
review	
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Goals	
  

•  Reproduce	
  the	
  plots	
  discussed	
  today	
  
•  Use	
  framework/update	
  framework	
  for	
  any	
  
new	
  needs	
  we	
  have	
  

•  Make	
  plots	
  easily	
  available	
  and	
  documented	
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